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Abstract 
This paper discusses the applications of agent-oriented techniques for modelling of the behaviour 
of a railway transportation system which consists of numerous interacting parties with different 
objectives, interests, autonomy, constraints, responsibilities and decision-making capabilities.  The 
agent model covers both business and operational aspects of the system and it enables possible 
connections to other modes of transportation and/or external monitoring bodies.  The multi-agent 
architecture required to match a real-world railway system will be presented and the additional 
functions and advantages brought by the agent model will also be explored.   
 
 
1 Introduction 
 
Railways are perceived as the most efficient means of mass passenger transportation.  In the 
case of land based freight movements, railways are usually at a competitive advantage relative 
to road transport for the non-urban medium to long distances, bulk and containerised tasks.  
The operations of railway systems involve multi-disciplinary practices, ranging from business 
to transport operations and engineering.   
 
From the business and management viewpoint, maximising infrastructure capacities and 
throughput with minimum cost and satisfying transport demands are the keys to make the 
system financially viable.  On the other hand, the engineering concerns ensure safety, 
reliability, feasibility and maintainability of the operations.  Business requirements, in terms 
of meeting customers’ level of service needs may be in conflict with safety and cost 
minimisation goals.  Co-ordination, planning and sometimes negotiation are therefore 
necessary. 
 
Many railway systems are still state-owned, but the privatisation of various extents has 
been going on in many countries [1].  The newly evolved private companies assume different 
roles within the operational chart of a railway system.  Indeed, more than one company may 
take on the same role and compete with each other, which is one of the supposed advantages 
of privatisation.  A number of non-privatised railway lines are also contemplating 
decentralisation in some way so that local authorities or contracting companies are running 
the rail services.   
 
As a result, there are many parties, such as track owners and service providers, working 
together (collaborating and/or competing) to provide such services that the overall business 
and engineering objectives are considered and balanced, as well as fulfilling their own 
interests and duties.  In order to study the behaviour of this system with multiple, interactive 
and autonomous parties, agent-oriented technology offers the framework for modelling.  Each 
party is represented by an independent agent which is equipped with its objectives, 
intelligence and autonomy.  
 
An agent is a component of software which is given certain intelligence [2] [3] and it 
enables analysis, design and implementation of large, distributed and open systems so that the 
scale and complexity of these systems can be dealt with in a simpler and more natural way 
[4].  It differs from other software programs in such a way that not only does it rely on 
techniques available to distributed systems, it also introduces autonomy, learning and 
deliberating capabilities, and coordination.   
 
An agent initiates its activities rather than waiting for inputs to trigger its designed 
procedures.  The user is, therefore, able to change his/her mentality of accomplishing certain 
tasks from direct manipulation to delegation.  Hence, an agent is capable of behaving like one 
of the parties of a large and complicated system in modelling applications and acting precisely 
to accomplish tasks on behalf of its user in delegation applications.   
 
 
2 Nature of the railway business 
 
To understand the suitability of the multi-agent concept on railway operation, it is necessary 
to have a clear picture of the roles of all participants within a railway system and the 
relationships among them.  Infrastructure owners are the biggest investors or stakeholders as 
they are in possession of the exclusive resources - the tracks and their right-of-ways.  The 
service providers utilise the infrastructure resources and convert them into railway services by 
matching them with the transportation demands from the market.  
 
2.1 Railway ownership models 
 
Two main railway ownership models have emerged in practice, namely the vertically 
integrated railway with or without separate internal business units; and the vertically 
separated railway with track infrastructure managed and owned separately from multiple 
operators.  The separation model has been adopted in some countries, notably in Great 
Britain, Germany, the Netherlands and Sweden, with varying degrees of success [5] [6].   
 
Under the vertically integrated model, operators and track owners tend to have a customer-
service provider relationship.  The infrastructure provider exists to service the needs of its 
client(s).  The latter may consist of several business units such as passenger services and 
various types of freight services.  In some cases, each business group ‘owns’ its own track 
segments, which are divided amongst operators on the basis of major user.  User charges may 
be levied to non-main users using an internal cost transfer system designed to achieve 
accountability and ‘value for money’ outcomes.   
 
It is argued that one of the drawbacks of the vertically integrated model, is its inability to 
readily and fairly accommodate new entrants in the form of operating competitors, sharing a 
common track infrastructure.  The terms and operating conditions of track access need to 
extend to train dispatching rules.  This is particularly important under single line operations, 
where the train conflict resolution rules need to be seen to be fair and equitable to all 
operators, as well as economically sound.  The role of certain mediators to ensure ‘fair play’ 
is essential in this case.  Government-commissioned agencies are usually employed to 
regulate the operation impartially. 
 
In contrast, the vertically separated model has been put forward as a way of increasing 
competition in the rail sector, as well as placing rail and road infrastructure investment and 
operations on an equal footing.  The main stated aim of the separation of track from 
operations is often to ensure competition in service provision and hence improved customer 
service at lower costs.  
 
2.2 Relationships between operators and owners 
 
The objectives of the rail operators and owners of railway infrastructure may conflict because 
they can have different stakeholders and levels of accountability.  Railway services operated 
for profit will be concerned about reducing operating costs and increasing revenue (via 
growth in market share or freight rate increases).  Market share increases are closely related 
with level of service which each operator can offer.  In this respect, transit times and 
reliability of arrivals are important indicators.  Both these two levels of service attributes are 
associated with track infrastructure design and maintenance standards.  Therefore, the ability 
of an operator to perform efficiently, and to gain market share cost-effectively, is closely 
pegged to its ability to strike an effective contractual arrangement with the infrastructure 
owner. 
  
Railway infrastructure owners have to plan and manage their assets according to their 
overall strategic objectives.  In the case of public ownership of railway infrastructure, there is 
an obligation to make investment decisions which take account the interests of current service 
operators (sectional/private interest) and the community to whom the entity is accountable 
(collective/public interest).  If the infrastructure is to be owned on purely commercial basis, 
the owner has a profit maximising strategy which will of necessity disregard the community 
costs and benefits of management decisions.  
 
When trains are scheduled on a rail corridor, the objective is to achieve a given level of 
customer service whilst minimising overall operating costs.  Customer service in this context 
is made up of several attributes which include overall journey time and train arrival reliability.  
In the context of freight movements, the benefits of improved reliability need to be estimated 
on a train-by-train basis. Each train is usually loaded with passengers or freight from a range 
of customers and origin-destination flows.   
 
The elasticity of demand with respect to transit time reliability will differ for each 
customer, commodity, and origin-destination combination.  However, reliability of arrivals is 
one of the critical performance measures for all rail markets.  The ability of rail systems to 
compete effectively relies to a large extent on this level of service attribute, as well as on price 
[7]. 
 
 
3 Business and engineering activities in railway transportation 
 
From customer demands to service undertaking, there is a long chain of operations within a 
railway system and numerous parties are involved. 
 
Starting from the demand end, customers, with their requirements on dates, destinations 
and travelling conditions and expected quality of service, reserve rail services through travel 
agencies or cargo and freight brokers who collect the requests and push the price down with 
bulk bookings.   
 
A service provider has to negotiate with track owners, rolling-stock owners and timetable 
master to organise services according to the customer demands.  The cost of the service must 
be competitive as other service providers may be competing (and price watchdogs from the 
government or community are monitoring) while the business should remain profitable.   The 
shortest route is usually not the cheapest one and suitable rolling stock may not always be 
available.  Negotiation and bargaining with the resource owners are inevitable.  One service 
provider may even find it necessary to share the operation of certain services with other 
providers to keep the business. 
 
Track owners have to maximise their tracks’ usage and the highest bidder to the right-of-
way is always desired.  On the other hand, they are responsible for the signalling equipment 
and the general safety along the track.  As adequate maintenance by the in-house teams or 
external sub-contractors must be scheduled regularly, the tracks are thus not available during 
certain maintenance time-slots.  Rolling stock owners face similar business objectives and 
operational constraints as the track owners.  They want their rolling stock to clock up as much 
mileage as possible for a charge while they need to keep them in good shape.  Crew 
scheduling to supplement the availability of track and rolling stock is one of the major 
concerns for both track and rolling stock owners.  Further, excessive competition may hamper 
their survival on one hand, overbooking and hence the subsequent failure to fulfil the 
contracts with service providers may lead to severe penalty and eventually drive them out of 
business on the other. 
 
With the service providers finalising their service schedules, a network service timetable is 
required.  Not only do the customers organise their travelling or transportation planning 
accordingly, a number of operational risks, such as traffic conflicts, potential delays and 
bottlenecks, adequate platforms at stations or loading bays at depots etc., can be identified and 
then avoided within the timetable.   The timetable should also be flexible enough to absorb a 
certain margin of delays within the rail network.  In case of infeasible timetable, the 
timetabling planner has to communicate with service providers who in turn re-negotiate with 
their service demand contacts for re-scheduling.  The process may repeat a few times before 
the timetable is resolved.  
 
Each train is operated, either manually or automatically, to ensure its safe and smooth 
running and consistency with the timetabled schedule.  The traction equipment is controlled to 
attain the necessary speed profile in a station-to-station run and to facilitate station stops.  
Control strategies may be introduced to reduce energy consumption and/or regulate traffic 
under different traffic conditions.  The quality of product for the customers, in terms of 
reliability and cost-effectiveness of transportation, can only be assured when all the parties 
involved carry out their tasks according to their respective objectives and coordinate with 
others closely. 
 
 
 
4 Agent-system architecture 
 
In order to accurately and reliably model the behaviour of the activities in the rail system, 
software agents of different characteristics are assigned to represent various players.  The 
structure of agency and the interactions among agents are illustrated in Fig. 1, which also 
represents a direct mapping of the relationships among the players in a real-life rail system.  
In this multi-agent system, the agents are classified into 4 categories – demand, resource, 
planning and operation and there are a number of different types of agents.  The functions of 
each type of agent under these 4 categories are described below. 
 
a. Demand Agent – It collects service bookings from the travel and freight agencies 
(which are not included in Fig.1) and sort them according to date and time, service 
natures, urgency and quality.  It then seeks for the service providers who could and 
would fulfil the demand within the required price range.  It is basically an information 
exchange centre with limited intelligence to match service demands with service 
providers impartially. 
 
b. Service Provider Agent – With the support of resource contractors, it arranges regular 
train services to cater for the usual demands.  It will bid for chartered services on 
request and broker services in conjunction with other allied service providers.  Its 
objectives naturally follow its business strategies, and it should be proactive in 
exploring business opportunities and the subsequent negotiations, and responsive to 
customer demands. 
 
c. Track Agent – The track owner advertises the availability of its track and adjusts the 
right-of-way usage cost according to demand, time of day, and mandatory price control 
if any.  Scheduling maintenance is another major task.  Owner of exclusive tracks does 
not require strong business incentives because of a lack of competition.  Agents of 
different intelligence levels are thus needed. 
 
d. Train Agent – Similar to the Track Agent, it runs a resource rental service.  It should 
acquire higher intelligence level as its fleet of rolling stock and wagons are moving 
commodities and their locations affect their availability.  The physical size and traction 
equipment characteristics are also important specifications to meet the demands and rail 
compatibility. 
 
e. Station Agent – It represents the interests of passenger stations and freight depots where 
loading and unloading of passengers or cargoes take place and the trains have to occupy 
the ‘loading points’ for a certain period of time.  Charge may be levied for the ‘parking’ 
and loading services at stations.  Track and Station Agents may belong to the same 
owner.  
 
f. Maintenance Agent – It provides maintenance services to tracks, trains and stations.  It 
may be subsidiaries of the respective owners or sub-contracting specialist companies.  
Competition may exist and the agent has to advertise its expertise and negotiate with the 
resource owners on each maintenance contract. 
 
g. Planning Agent – It generates a system timetable and resolve any conflict with the 
service providers.  It integrates all the service deals and ensures a feasible timetable 
without prejudices.  Hence, it usually does not carry any business agenda.  It just acts 
like a referee if commissioned by the government, or an accountant by the service 
providers. 
 
h. Operation Agent – It is responsible for the operations of train services including 
dispatching, inter-station runs, automatic train protection if any etc.  It is initiated by the 
timetable generated by the Planning Agent and it executes the operations according to 
the timetable.  It communicates with the Service Provider Agent on the current status of 
train services and alerts both Service Provider and Planning Agents if there are major 
disruptions. 
 
i. Safety Agent – It monitors the train operations and identifies possible safety violations.  
It may either be a government-appointed inspectorate or an independently 
commissioned watchdog. 
 
 
5 Advantages of agent modelling 
 
A heterogeneous agent system efficiently reflects the activities within a rail transportation 
system, which is useful from the modelling viewpoint.  Hence, detailed system behaviour and 
what-if scenario studies are possible.  Indeed, if all the parties in a real rail transportation 
system are represented by agents with delegated authorities, the business and engineering 
operations can be carried out automatically, or at least with minimum human 
supervision/intervention.  New business opportunities and engineering functions are also 
possible and should be explored.  Some of the possibilities are listed below and there should 
be many more. 
 
i. Accountability and adaptability – Having had its own objectives and intentions, each 
agent is confined by certain rights and obligations to its interactive agents and its actions 
are well monitored and logged.  The accountability of the system is improved as a 
whole.  Further, it is also more flexible for each party to adjust its objectives according 
to the customers needs and hence enhance its adaptability to the changing market 
demands. 
 
ii. Information transparency – An information pool (or a database) is inherent in the multi-
agent system and data access can be restricted to the relevant parties or opened to all.  
Quick and direct business negotiations and collaborations among parties become 
possible.  Engineering specifications and standards are on easy access.  Travel 
information, updates, notices and reminders to the customers (or general public) are also 
made available.   
 
iii. Inter-modal transportation – Connecting transportation can be organised by the Demand 
Agent (via individual travel agencies) which liaisons with its counterpart in other modes 
of transportation.  Timely connection services can be arranged to minimise transfer time 
and the capacity of each transportation means can be fully utilised.  In addition, 
overcrowding at stations and unnecessary storage of goods may be avoided. 
 
iv. E-commerce opportunities – Effective supply chain management is about integrating 
individual transport and logistics activities so that overall performance is maximised. 
Performance here might be in terms of costs, transit times and reliability, as well as 
other customer focused measures.  There needs to be enough incentives for each player 
in the chain to be encouraged to increase the performance of the total chain.   
 
Supply chains are increasingly global in nature and hence there is a need for 
compatibility of e-business systems and technologies.  Tracking data and information on 
consignments needs to encompass the entire chain irrespective of national boundaries.  
Rail operators are beginning to adopt e-business practices which help the flow of 
operational information to customers and other players, such as logistics providers and 
port operators [8].  The adoption of other e-business models, such as e-procurement, 
within the rail industry, can bring significant future cost savings, in terms of reduced 
inventory levels and better prices.  Agents offer the potential to speed up the adoption of 
e-business systems and practices and hence to realise some of these benefits in a more 
timely fashion. 
 
Various bidding forums are enabled with this multi-agent set-up.  Represented by 
authorised agents, customers can directly book the rail services with the prices and 
quality they would accept.  The service providers may bid for customer contracts on one 
hand, and seek for the appropriate resources to fulfil these contracts on the other.  They 
may even acquire the resources at a low price and re-sell them to another service 
providers at a higher price as if it were a commodity market.  There is another potential 
bidding forum for maintenance services. 
 
v. Business activities – Different players may join force to create and share business 
opportunities.  The agent structure allows easy negotiation among the business partners 
and transparent income sharing.  For example, commercial advertisements on billboards 
along the track, at the stations and on the trains are one of the major revenues for the 
infrastructure owners and/or service providers.  The respective agents can attract more 
advertisement as a bigger entity of public exposure.  Discount tickets with allied service 
providers is another prospect.  The agents may be instructed to collect their share of 
income from the common pool. 
 
 
6 Conclusions 
 
This paper highlights the benefits of applying agent-oriented technology to rail transportation 
system modelling.  The business and engineering activities in a rail system are shown to 
provide an appropriate platform for agent application, given the level of complexity in the 
interactions between the main players involved.  The suitability of agent architecture and 
structure for system behaviour studies has also been discussed.   
 
The paper elaborates on the potential for value-adding to railway transportation resulting 
from agent representation.   Such an approach can be seen as a catalyst to induce further work 
on the development of appropriate agent structures for modelling various players in rail 
transportation and hence to promote the adoption of advance software techniques in railway 
management and operation. 
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Fig. 1   An overview of agent representation of rail transportation system 
